Opportunities for a CEVNS experiment
on a 1t DAR beamline.

Outline:
- Physics, Motivation
- Fermilab/SNS

- sources

- detectors

- sensitivities
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The CEVNS process

v v
Coherent Elastic v—Nucleus Scattering: vA—VA:
- neutrino scatters with low momentum transfer coherently, ,
elastically from entire nucleus. For large nucleus, R, ~few fm, 'y
coherence requires: he | ,

E, S — =50 MeV
Ry
A A

Cross section is big and goes as A? ...

do G% ME o
— = —E[(1-4sin*0,)Z - (A-Z)’M (1 - FOD2 3
.. but recoil energy is small: _ o
2 E2 ) 107
Ere o~ —X ~ 50 keV L
M T
- 80, alas, CEVNS has never been measured T T R e e e
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The CEVNS process

Coherent Elastic v—Nucleus Scattering: vA—VA:

- neutrino scatters with 102
elastically from entire n

coherence requires:

Cross section is big anc

Cross-section [107%® em?]

dr G2
é = L[~ 4sin®0,)7
mw

... but recoil energy is s

CEVNS on “Ar

... so, alas, CEVNS ha:t .
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The CEVNS process

Coherent Elastic v—Nucleus Scattering: vA—VA :

- neutrino scatters with low momentum transfer coherently,
elastically from entire nucleus. For Iarge nucleus, R ~few fm,
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2F?
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CEvVNS physics

The physics is rich and relevant

- Dark Matter: Important background for 10-ton scale searches

- Supernovae: Expected to be important in core-collapse SN and possible SN detection channel.

- v oscillations: A possible v_detection reaction
- Standard Model tests: sin“6, perhaps

Possible related/additional
physics topics:
- v-induced neutrons,

gammas, fission
- low-mass DM search with
same detectors (large mass near
hot sources)
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How to measure CEvVNS

Need:
- intense ~50 MeV v source
- sizable (10-1000 kg),
low-threshold (~10keVnr) detector
- control, understand, measure
(and repeat) backgrounds

A phased approach is wise, eqg:
- measure, control backgrounds o
- discovery of CEVNS =
- measure, control backgrounds,
optimize detector(s)
- high-precision measurement of
CEVNS

- Current efforts using 1 DAR beams in US:
- COHERENT (ORNL) using SNS
- CENNS (Fermilab) using BNB

o A BT, Bt

(not covering reactor/rad. source v exps)
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Collaborations
Coherent Scattering Investigations at the

- COHERENT, Spallation Neutron Source: a Snowmass
focused on SNS efforts White Paper

arXi1v:1310.0125v1 [hep-ex] 1 Oct 2013

October 2, 2013
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Y. Efremenko®"!!| A. Etenko'!, N. Fields?, M. Foxe'®, E. Figueroa-Feliciano'?, N. Fomin?!,
F. Gallmeier'®, I. Garishvili?!, M. Gerling'?, M. Green'?, G. Greene?!, A. Hatzikoutelis?!,
R. Henning'®, R. Hix!®, D. Hogan!, D. Hornback'®, I. Jovanovic!®, T. Hossbach!”,
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Fermllab eﬂ:ort PHYSICAL REVIEW D 89, 072004 (2014)

A method for measuring coherent elastic neutrino-nucleus scattering at a far
off-axis high-energy neutrino beam target
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Sources for CEvNS Off-Axis Neutrino Energy Spectrum

BNB at Fermilab: : BNB neutrinos at cosb < 0.7

- 8 GeV prOtonS@~5HZ b 10 V. $(BNB)= 5x10° v/cm?/s per flavor

- ~1E-5 duty factor (w/t ) - @20m from the target 3

- up to 32kW beam power b ! b e

- built for © DIF (~1GeV v) to MiniBooNE E 10k i

- substantial © DAR flux at ~90° with low .E L - capture \ :
DIF flux 5 / .

- open space ~5m from target (~10m with
shielding, building etc)

0 50 100 150 200 _ 250 300
[MeV]
J. Yoo & S. Brice, Booster Neutrino Beam Monte Carlo
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Sources for CEVNS

BNB at Fermilab:
- background measurement + simulations indicate ~5m of shielding
needing for beam related neutrons (also enough for beam-unrelated bkgs)

. BNB target building _
- need to verlfy (MI-12) Concrete blocks or water containers
thIS Wlth SCI Bath+ e Fermilab has a lot of concrete blocks
grOtOtype S h Ie I d I n g : E;::;::i:::::':i :::ectt: team
esign.

® This test do not affect any activities

at MI-12 and MicroBOONE experiment

- planning to do in

summer '15
- (also of interest Ei: Neutron Shielding MC study e - 5.5 :
to CAPTAIN exp) 25T 4
S 10 B
g w \ i
Ew’ Ilm concrete block ~ " i
‘é 10 . . \‘m 'é
Target o E il ool | 3

o 100 200 3oo 400 500 600 700 800 900 1000
P [MeV]
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Sources for CEVNS 107

SNS at ORNL: 10° 3x107 v/cm2/s @ 20 m
- ~1GeV protons@60Hz 10°
- ~1E-4 duty factor (w/t,) gmd
- up to ~1.4MW beam power 3
F10°F 77
- built for spallation neutron prod. 10
with Hg target 10
- large © DAR flux at with low DIF flux | |
lo"""B0 100 150 200 250 300
- multiple sites (with varying floor/head space) pursmrwrr——— ——
at 15-20m inside building... 2~ botumen M3 snd . 14 Y
- and starting at 30m outside... 4~ Basement under BL-1(no g
Mercury S S

Cooling
Jacket

Stainless
Steel
Containment
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Sources for CEVNS 102

E

SNS at ORNL: 10 ]
- many recent neutron background o h 3
measurements.. g 1 7
- indicate low backgrounds in several 10" — beamine T4a
candidate locations Z 5 " basement 2.5 :
g10 basement 11 ?

210 — -

104 -

1075k L :
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sensitivity

Fermilab effort:

- 500kg miniCLEAN provides ~100 CEvVNScevents/year

- 1 year-ton provides 7s discovery 400
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errors

Fermilab effort:

- 500kg miniCLEAN provides ~100 CEvVNScevents/year

- 1 year-ton provides 7s discovery 400 R
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detector technology

SNS:
Csl
- eventually ~14kg

- ~7 keVnr energy threshold

- ~500 events/yr@20m
- possible first obs at SNS

Coherent neutrino-nucleus scattering detection with a CsI[Na]
scintillator at the SNS spallation source

J1. Collar!, N.E. Fields', M. Hai'-*, T.W. Hossbach?, J.L. Orrell?, C.T. Overman?,G. Perumpilly', B. Scholz!

! Enrico Fermi Institute, Kavli Institute for Cosmological Physics, and Department of Physics, University of Chicago, Chicago, IL 60637, USA

ZPa['g'ﬁ(' Northwest National Laboratory, Richland, WA 99352, USA

" Present address: College of Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, USA

- 2kg currently deployed at SNS and running at
20m location, studying backgrounds esp NIN

b
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detector technology

SNS:

Nal
- possibility of ~few tons of Nal, portal monitoring,
detectors, ~70 keVnr threshold

- under study for a possible early measurement
(or active shielding.. perhaps?)

Prompt Window
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detector technology

SNS:
Ge
- eventually ~20kg
- ~1 keVnr energy threshold
- ~2000 events/y

- possible redeployment of MJD at SNS ~10kg

10 kg HPGe System
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more detector technology

at SNS:
LXe, LAr

- First: 2-phase LXe, ~100kg, in
borehole at ~45m

- Later: ~1ton,1-phase LAr/NE
for longer term measurements

- or perhaps ~10kg LAr up close,
soon?
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Summary of efforts
at Fermilab/BNB and ORNL/SNS:

SNS:

- high flux near detector with low n backgrounds encouraging,

- first neutrino measurements but large open space is a challenge
- initial tests with compact detectors could discover CENNS

- Cost: ~$2-3M, Timescale 2015 for first results

Fermilab:

- flux from BNB lower, but proximity to target/source can perhaps offset
- open space may be more easily obtained for larger detectors

- Cost ~$2M, Timescale 2018 for first results with miniCLEAN detector

- 2 strong efforts on existing DAR sources

- investments made from those labs and other supporting institutions

- much progress in last few years to apply det. tech and understand backgrounds
- discovery within few years possible with more support

- then to an exciting physics program

Thanks to all who provided material for this talk.!
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